Abstract: By principal component analysis and cluster analysis, overall analysis and evaluation on environmental pollution situation in Shandong province is conducted.Studies show that Weifang, Linyi and Zibo's pollution is serious, particularly in the sulfur dioxide emissions in the more serious aspects. Although Weihai, Rizhao and Dongying in sulfur dioxide and soot aspects slightly heavier than the other pollutants, the overall environmental situation is comparatively ideal in the province.
I. Introduction
In recent years, with the development of our society, life has been greatly improved. But at the same time, the environment that people living also has a great change. In the process of sustainable development, we will face the dual pressures of environmental pollution and economic development. We need to reduce environmental pollution under the precondition of meeting people's living standards.
As the conflict between economic development and environmental protection, more and more scholars begin to focus on researches concerning economic and environment, especially researches on comprehensive evaluation of the environment pollution have caused widely public concern. The literature [1] has carried on the comprehensive evaluation to regional environmental situation in Shandong province by fuzzy cluster analysis. The literature [2] has carried on the overall evaluation to our country environmental pollution condition by principal component analysis. The literature [3] is discussed the application and characteristics of comprehensive environmental evaluation ideas in the health impact assessment of air pollution. The literature [4] has carried on the comprehensive evaluation to 1990-2009 China's provincial environmental pollution using the principal component analysis. The literature [5] has carried on the comprehensive evaluation of regional environmental quality to our country through the principal component analysis. 1 The work is supported by the project of Shandong province graduate education innovation project (SDYY14086), Shandong University of Science and Technology graduate students in science and Technology Innovation Fund Project (YC150337)
As you can see, most of literatures above focus on the use of a single method to analyze the environmental quality of a country or some province, while literatures that using several methods less. In this paper, using principal component analysis with clustering analysis [1, 3] , it assesses environmental quality in major cities in Shandong province. Firstly, analyzing environment pollution in Shandong province by the principal component analysis. Then, clustering analysis method is used to analyze types of environmental pollution in Shandong province, looking forward to reflect the current state of the current environmental quality of Shandong province more fully.
II. Data source
In this paper, with the help of Spss software, the relevant data of major pollutants' discharging in 17 cities in Shandong province in 2012 were analyzed, with a total of five measurements: wastewater emissions 
III. Analysis of environmental pollution degree of Shandong Provence
Using principal component analysis, we analyzed environmental pollution of Shandong province by the indexes of wastewater contained converted to reflect the original index information of several principal components, specific steps are as follows: 
B. Data standardization process
The results of data standardization process are shown in table 2. 
IV. The type analysis of environmental pollution in Shandong province
Using principal component to do cluster analysis can reflect the characteristics of the class better. We take the two principal components 1 F and 2 F as variables to cluster training samples, so as to analyze the types of environmental pollution in Shandong province.
A. Clustering scatter pattern
Firstly, making a scatter diagram on 1 F and 2 F , as shown in figure 1 . Figure 1 Cluster scatter diagram As can seen from figure 1 intuitively, 17 cities in Shandong province can be divided into 5 groups, which more appropriate. This intuitive judgment is good for hierarchical clustering method to determine the clustering number.
B. Hierarchical clustering figure
Clustering with system clustering method and using the sum of squared residuals method calculate the distance between classes, we get the hierarchical clustering diagram shown in figure 2 . Combined with intuitive analysis above, the distance between the class is 7, and is divided into 5 types. u < 50 u < 40 u < 10 u < 20 u . All kinds of urban environmental quality from good to bad arrangement for the third, the fifth, the fourth, the first and the second.
V. Conclusion
This article selects five indicators to make the comprehensive evaluation on environmental quality in regions of Shandong province. First, analyzing regional environmental pollution degree by principal component analysis; through clustering analysis, we analyzed the environment pollution types, and found out the polluting emissions of regions which are serious. The results show that the degree of pollution is heavier in Linyi, Weifang and Qingdao, and there are more pollution types;And Jinan, Jining, Zibo and Laiwu are heavier in terms of sulfur dioxide and soot emissions. But in Dongying, Weihai and Rizhao, pollution emissions is lighter, environmental protection is ideal. Through this analysis, we suggest that environment department can take the following measures for all kinds of pollution, in order to make the province's environmental quality better. a) To change waste material into things of value, reducing wastewater emissions Quantity of wastewater in cities like Weifang, Qingdao and Jining are high. Therefore, these cities should focus on wastewater treatment technology, improve the utilization rate of wasteing water and turn "waste" into wealth.
b) To optimize of industrial structure, reducing emissions of three-waste
In cities like Weihai, Rizhao, Laiwu, industrial emissions of three-waste is relatively high. So, with the principle of "less pollution, we should develop the tertiary industry like high and new technology industry, tourism and service, so as to reduce emissions of three-waste, to protect the environment.
c) To increase the environmental investment At present, economic development model is still relatively backward in Heze and Linyi. We not only develop the economy but also increase capital investment of environmental protection, to cocreate a win-win situation both the economic development and environmental protection.
